Objectives Road traffic accident (RTA)-related trauma remains a public health issue. The aim of this study was to determine the frequency, causes and human impact of motor vehicle-related RTA in Lubumbashi, Democratic Republic of Congo. Methods A prospective cross-sectional study was conducted in the first semester of the year 2015 in which 288 drivers (144 RTA-causing drivers and 144 control drivers who have been declared not guilty by road safety agents) involved in 144 motor vehicle-related RTA were interviewed, and only data on all RTA involving two motor vehicles with at least four wheels were recorded and analyzed.
Introduction
Road safety and road traffic accident (RTA)-related trauma remain a public health issue in most developing countries, especially in Africa. Annually, RTA cause approximately 1,240,000 deaths and 20-50 million cases of injury worldwide; the World Health Organization (WHO) estimates that, by the year 2020, there will be 1,900,000 deaths consecutive to RTA [1] , whereas RTA-related injuries are estimated to be the fifth leading contributor to the global burden of disease by 2030 [2] . The human and economic impact of RTA in low and middle income countries is huge, as over 90 % of fatal crashes occur there, with an annual cost of 65 billion US dollars [1, 3, 4] .
In Africa, RTA represent a real burden besides other prevalent health issues, such as Malaria and HIV/AIDS, with a mortality rate (28.3 per 100,000) higher than Europe (11.0 per 100,000); however, the number of studies conducted in this field is still insignificant for most SubSaharan African countries [5, 6] . Recent data from the 'national committee for road safety' showed that there were 2601 cases of motor vehicle accidents occurring in Kinshasa, the capital city of the Democratic Republic of the Congo (DRC) that caused 3070 injury cases and 215 deaths in the year 2001, whereas, in 2007, an increase of 58 % occurred with a total of 4483 RTA, causing 5899 injury cases and 335 deaths in Kinshasa [7] . On national level, the World Health Organization (WHO) has estimated that the number of RTA-related deaths in DRC was 20,000 in 2009 and 10,000 in 2010 and reached 60,000 in 2012 [8] .
To our best knowledge, there has been no follow-up research that investigated the scope and determinants of RTA in DRC. The purpose of the present study was to evaluate the frequency of RTA events and associated factors in Lubumbashi, the second town and economic capital of DRC.
Materials and methods

Study design and sample
A cross-sectional study was conducted in the first semester of the year 2015, in which information on all RTA occurring between April 1 and May 31, 2015 (2 months) was recorded. This was a collaborative work initiated by the School of Public Health, University of Lubumbashi, with the participation of the provincial offices of the national road traffic safety police and the national insurance company, known locally as police de circulation routiere (PCR) and societe nationale d'assurance (SONAS), respectively. Lubumbashi is a town located in the Katanga province, DRC, with an area of 747 km 2 and a population of 1,718,661. It comprises six urban counties (Rwashi, Lubumbashi, Kamalondo, Kenya, Katuba and Kampemba) and one rural county (Annexes). During the study period, 217 RTA occurred in Lubumbashi causing 44 deaths. Of those RTA events, only accidents involving two motor vehicles with at least four wheels each (144 in total) were taken into account, given the high probability to get both drivers interviewed.
In this study, 288 drivers involved in 144 motor vehiclerelated RTA events participated in the interview (144 RTA-causing drivers and 144 control drivers who were declared not at fault by road traffic agents); they anonymously answered an interview questionnaire that comprised questions related to the characteristics of the drivers (gender, age, marital status, level of education, driving training and license), the vehicles involved (manufacturer, age, presence of seat belts, car insurance, position of the handle) and the RTA event (time and date of occurrence, cause of the accident, outcomes of the event in terms of injury or death, material damages). A team of three trained interviewers from the School of Public Health, University of Lubumbashi, and representative road safety policemen were in charge of conducting interviews whenever an RTA occurred. Collected information was chronologically and anonymously recorded in a prepared excel sheet.
Ethical considerations and data analysis
Ethical approval was obtained from the research ethics committee of the school of Public health, University of Lubumbashi; in addition, signed informed consent was obtained from drivers prior to the interview. Dependent variables were RTA events, injury and death, whereas driver's age, gender, training at driving school, driving license, car insurance, age of the vehicle, position of the handle (left/right), day of the week, time of the day and use of seat belt were considered independent variables. Data are presented as proportions and means. Chi-square test was performed to compare RTA proportions for dichotomized dependent variables, whereas multiple logistic regression test was used to assess associations between RTA-causing drivers/vehicles and control drivers/vehicles' characteristics and the occurrence of fatality. p values less than 0.05 were considered significant. Collected data were analyzed with the use of Excel 2008 and Stata statistical package version 10 (Stata Corp., College Station, Texas, USA).
Results
Characteristics of drivers and motor vehicles involved in road traffic accidents (RTA)
In total, there were 144 RTA involving two motor vehicles with at least four wheels each. The mean age of RTAcausing drivers was 33.8 ± 7.4, whereas it was 35 ± 8.8 in the group of control drivers. The mean age of RTA-causing vehicles was 12.5 ± 3.6 (vs. 11.9 ± 3.3 for control vehicles), ranging from 4 to 26 years. The majority of RTA events occurred between 17:00 and 20:00 (30.9 %), followed by the time range 9:00-12:00 (19.8 %), 13:00-16:00 (18.4 %) and 21:00-24:00 (18.4 %). There were less RTA events occurring early in the morning between 5:00 and 8:00 (11.1 %). Regarding the week days, a higher proportion of RTA events occurred on Saturdays, 20.1 %; followed by Monday (16.6 %), Wednesday (14.7 %), Tuesday (13.8 %), Thursday and Friday (11.9 %), whereas Sunday accounted for only 10.6 % of RTA ( Table 1) .
The majority of RTA-causing drivers, 71.5 %, reported that they had no driving license; only 28.5 % of drivers in this group had a driving license without attending a driving school. Approximately, a quarter of vehicles driven by RTA-causing drivers and control drivers had no insurance, 22.9 and 28.5 %, respectively (Table 1) . Though traffic regulation in the country suggests that people should drive on the right side of the road, most vehicles involved in RTA during the study period were right handled, 97.2 and 92.4 %, for RTA-causing vehicles and control vehicles, respectively (Table 1) .
Causes, human impact of RTA and factors associated with RTA occurrence and RTA-related fatality in Lubumbashi, 1 May-30 April, 2015 Figure 1 shows the distribution of RTA events according to the cause. A high proportion of RTA events occurred due to over speeding (32 %), followed by distracted driving (text messaging, phone call, chatting; 22 %), overtaking (16 %) and careless driving/risky maneuver (15 %) and driving under the influence of alcohol (9 %). Low visibility, and technical problem accounted each for five or less RTA events each (Fig. 1) . When considering the responsibility for the crash, it was found that the RTA-causing drivers were responsible in 98 % of RTA events, whereas technical problem accounted only for 2 %. 
Discussion and conclusion
This study investigated the causes and factors associated with RTA in Lubumbashi, DRC. It was found that 144 RTA involving two motor vehicles with at least four wheels each. Over speeding, distracted driving (text messaging, calling on phone, chatting), overtaking, careless driving/risky maneuver and driving under the influence of alcohol were most prevalent causes of RTA occurrence. Other causes included low visibility and technical problem. In Kenya, a recent observational study on road safety status showed that 34 % of RTA were caused by high speed in Naivasha municipality, Nakuru County, whereas a higher proportion (69 %) was found in Thika area [9] . In our study, over speeding was implicated in the occurrence of nearly one-third (32 %) of RTA events. The previous reports have suggested that younger age constitutes a risk factor for RTA [10, 11] . For example, in the US, younger age (15-20 years) has been reported to account for 10 % of all motor vehicle traffic deaths and 14 % of crashes resulting in injury in the US [12] . In our study, in contrast, older age (over 25 years) was associated with RTA. In fact, of the RTA-causing drivers, there were only 12 % (18/144) who were young (25 years or less) of whom only 5 % (1/144) got injured. This situation may be due to the very low number of teenagers who drive in DRC.
Distracted driving, particularly calling and text messaging while driving, has recently been recognized as an illegal act that threatens road traffic safety in many . It shows different causes of road traffic accidents (RTA) in Lubumbashi; a higher proportion of RTA events was caused by over speeding (32 %), followed by distracted driving (text messaging, calling, chatting; 22 %), overtaking (16 %), careless driving/risky maneuver (15 %) and the influence of alcohol (9 %). Other causes, such as low visibility and technical problem, accounted for less than 5 % each aOR adjusted odds ration, SE standard error, CI confidence interval, driver1 the driver who caused the accident, driver2 the driver of the vehicle that was hit (control driver), vehicle1 the vehicle of the accidentcausing driver, vehicle2 the vehicle that was hit (control vehicle
countries. Asbridge and colleagues [13] reported an increase of 70 % in odds of culpable crash for drivers who use cell phone, as compared to those who do not use such a device while driving. In addition, a meta-analysis of epidemiological studies on road crash and mobile phone use found that cell phone use increased the odds of a crash by 2.8 [14] . Other estimated based on the records of mobile phone use among drivers have shown an increase of the risk of road crash by a factor of 4 [15, 16] . Our study showed that 22 % of RTA events were related to distracted driving, which was the second cause of RTA. Moreover, this study showed that, within the twomonth period of study, there were 11 fatality cases related to motor vehicle-caused RTA events. A multivariate analysis showed that the risk for RTA to result in a fatality was 12.7 times higher when the RTA-causing driver had no valid driving license, 1.8 times higher when the latter driver did not fasten his/her seat belt and 33.5 times higher when the RTA-causing vehicle was damaged as a consequence of the accident. This may suggest that subjects who have not been properly trained, lacking appropriate driving skill, and those who lack compliance to traffic rules related to seat belt fastening and speeding are susceptible to cause RTA, in Lubumbashi particularly. As for many developing countries where most populations live with a very low socioeconomic status, there is dysfunction of public services, including the police and the general public administration services. The road safety agency issues traffic rules, but their applications are not reinforced. For example, driving schools are mainly businesses ran by individuals, and they are rarely regulated. Thus, there are still weaknesses in terms of application and compliance to road safety rules. Sometimes, people in need of a driving license may purchase it prior to attending a driving school. Blood alcohol level is rarely checked and drinking an alcoholic beverage before driving is not generally considered a breach to the road safety law, particularly for commercial drivers.
The present is limited by the relatively short period of the study implementation. This fact is, at least, due to the long preparation time, as we needed to get both the provincial road safety and insurance agencies involved in the study and establish a collaborative research team to carry out the study project within a single academic year. Another fact is that in this study, only RTA involving two motor vehicles were taken into account. There are some practical reasons. First, according to our study protocol, the pair of drivers involved in a RTA should be interviewed and the responsibility in RTA occurrence established by the road safety police. The driver whose vehicle was hit was considered a 'control driver' in the study. In fact, reports from the road safety police in Lubumbashi suggested that there is a low probability to have an RTAcausing driver interviewed when the accident involved a pedestrian; however, in the case of two motor vehicles, both drivers are mostly heard by the police, and it was indispensable for our study that the questionnaire be answered by drivers to meet the study objectives. Future studies with a longer time period of implementation and a bigger sample size should be envisaged.
Furthermore, it could have been informative in this study to analyze the relationship between handle position and RTA, given that a new Congolese road traffic regulation law suggested the prohibition of import of right-handled vehicles. However, as almost all RTA-causing motor vehicles were right-handled and more than 70 % of RTAcausing automobiles were old (over 10 years), possibly due to the low economic status of the majority of Congolese people, an attempt to draw conclusions on the high proportion of right-handled vehicles and old ones that were involved in RTA would probably lead to a misinterpretation of the findings. A more elaborated long-term prospective study with a bigger sample size might provide more insights on such relationships. Nevertheless, this study is the first prospective research to be conducted in DRC, as well as the first to investigate the causes and evaluate the human impact of RTA in the country. Information provided in this paper can serve as a basis for future research projects on RTA in DRC.
As a conclusion, the present study highlights the causes and predictors of RTA in Lubumbashi, suggesting the necessity for reinforcement of road traffic regulation and preventive safety measures mainly targeting high risk behaviors, such as over speeding, sleepiness, distracted driving (phone call, text messaging) and driving under the influence of alcohol or drug.
